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SECTION 1.0 

EXECUTIVE SUMMARY AND RECOMMENDATIONS 

I 

The background characterization program is designed to document the spatial and 

temporal variability of constituents in order to facilitate the interpretation of chemical results 

in non-background areas This document summarizes the background data for ground water, 

surface water, sediments, and borehole materials, and identifies preliminary statistical 

boundaries of background variability Spatial variations in the chemistry of borehole 

materials and water have been addressed by placing sample locations throughout the 

background areas at  the Plant, however, the goal of evaluating temporal variations in water 

chemistry cannot be achieved until at  least two years of quarterly data have been collected 

This preliminary report will be finalized in the near future by incorporation of analytical 

data currently unavailable for samples collected to date, which includes a second round of 

ground-water samples for which no data is available at  this time Other additions to the final 

report are noted in the recommendations a t  the end of this section , a  
The boundary of background Variability has been quantified in this report through the 

calculation of tolerance intervals assuming a normal distribution The upper limit of the 

tolerance interval or the maximum detected value for each parameter in ground-water, surface 

water, sediment and borehole samples are provided in Tables 1-1 through 1-4, respectively 

Maximum detected values are provided where there is insufficient data to calculate tolerance 

intervals This condition results from there being an insufficient number of samples, or where 

there is an insufficient number of detectable concentrations for a given analyte Alternative 

statistical methods are identified, such as ANOVA or test of proportionality, to determine 

whether non-background data significantly differs from the background population where 

tolerance intervals have not been calculated 

As depicted in Table 1-1, high sodium, sulfate, and total dissolved solids distinguishes 

the unweathered (deep) sandstone ground water from the other shallow ground-water 
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TABLE 1-3 

BAUC- SEDIIEYT 
TOURNICE IYTERVM llppER LIMITS 

OR llAxIllll DETECTED VALUE 

Anelyte 

Upper 
Limit 

Units (9 Senples) 

Total Metals 

Aluninun 
Antimony 
Arsenic 
Bar i un 
Beryl 1 iun 
Ceciaiun 
Calciun 
Cesiun 
Chromiun 
Cobalt 
Copper 
I ron 
Lead 
Lithiun 
nagncsiun 
Manganese 
Mercury 
Holybdenun 
Nickel 
Potassiun 
Se 1 eni un 
SI lver 
Sodlun 
St ront i un 
That 1 iun 
Tin 
Vanediun 
zinc 

24789 
ND 
13.0' 

t82' 
ID 
ND 

7255 1 
ND 
43.38 
ND 
22.0' 

28308 
39.502 
ND 

411W 

ND 
ND 
29.- 
NO 
ND 

NO 
175* 
NO 
NO 
50.2' 
92.688 

372.20 

6.8' 
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a- 
- 

Analyte 

TABLE 1-3 <mt.) 

Upper 
Limit 

units (9 Sanples) 

Other 

Nitrate 
PH 

- 

Total Radionuclides 

Gross Alpha 
Gross Beta 
Uraniun 233, 234 
Uraniun 235 
Uraniun 238 
Strontiun 89, 90 
Plutoniun 239, 240 
Americiun 241 
Cesiun 137 
Trit iun 

PCVL 
pcl/l 
PCV1 
PCi/l 
p c I / l  
pcl/l 
pci/l 
pci/l 
Wl/l  
pc1/1 

ND 
9 03 (8.77) 

60.137 
50.168 

1.669 
0.176 
1.755 
1 390 
0.096 
0.029 
1.578 
0.408 

ND - Not Detected * - Maxinun Detected Value 
0 - Tolerance Intervat Lower Limit for Two-Sided Parameter 
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subgroups The shallow ground water subgroups are similar in chemistry, however, closer 

inspection suggests that the ground water o f  the Rocky Flats Alluvium is less saline than any 

o f  the other shallow ground-water subgroups it recharges This phenomenon is likely a result 

o f  the relatively greater evaporative losses in the colluvium and valley f i l l  (less saturated 

thickness than the Rocky Flats Alluvium), and in the case o f  the weathered and unweathered 

bedrock, longer contact time with these materials (less permeable than the Rocky Flats 

A lluv i um) 

Differences in the analytical results from Round 1 and Round 2 surface water samples 

document the temporal variation in surface water chemistry (Table 1-2) These differences 

include variability in the suite o f  parameters with detected concentrations as well as the 

magnitude o f  the concentrations As discussed in Section 4 2, surface water becomes relatively 

less concentrated in sodium chloride and more concentrated in  calcium bicarbonate as it flows 

from west to east Surface water chemistry changes from west to east across the background 

areas reflect the increased influence o f  ground water on surface water quality 

Relative to the Rocky Flats Alluvium, colluvium, and weathered sandstone and 

claystone, the sediments have fewer detected trace metals and lower concentrations o f  

aluminum, iron, and calcium (Tables 1-3 and 1-4) Potassium was also not detected in  the 

sediments but was detected elsewhere The absence of detected potassium, together with the 

lower concentrations o f  aluminum and iron, suggest that there is less clay in  the sediments 

relative to the other materials This is further supported by the physical description o f  this 

material, i e ,  the sediments tend to be more coarse A smaller clay fraction may also explain 

the fewer detections of  trace metals owing to the high adsorptive capacity o f  the clay fraction 

To detect releases from sites/units, station-specific data will be compared to the range 

o f  background concentrations (tolerance intervals), and in the case o f  surface water and 

ground water, also compared to the concentrations at the station or well over time 
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Borehole sampling data will be compared to the background tolerance intervals for the 

corresponding borehole material A constituent concentration a t  a site/unit that is greater 

than the upper limit of the one-sided 95% tolerance interval a t  the 95% confidence level will 

be considered to likely represent contamination 

Determination that a constituent concentration in ground water or surface water 

represents contamination will be based on 1) comparison of new data to the background 

tolerance interval, 2) trend testing, and/or 3) use of control charts for annual means As 

previously stated, a t  least two years of water quality data will be needed to perform the 

temporal tests (trend testing and control charts) 

In the process of reviewing the background data, questions arose concerning 

appropriate background populations Specifically, does a single population characterize ( 1) 

ground water sampled in valley fill associated with Rock Creek and Woman Creek, (2) ground 

water within valley fill and colluvium, (3) ground water within weathered claystone and 

weathered sandstone, and (4) weathered claystone and weathered sandstone materials’ 

In the review of Round 1 and Round 2 water data, i t  became apparent that temporal 

variation in surface water and ground-water sampling is a function of a t  least two factors 

(1) natural variations in water quality, and (2) changes in the number and spatial 

representation of background samples due to the availability of water at  sampling sites 

Similar issues arose in the review of borehole samples (1) analyte concentrations may 

be dependent upon depth from surface, and (2) higher concentrations of analytes tend to 

cluster within the same sample 

For these reasons i t  is recommended that for the final background geochemical 

characterization report. 

0 the statistical distribution of the data be investigated, and the appropriate 
distribution be used in subsequent statistical analysis, 
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e multi-variate analysis o f  variance be used to evaluate the appropriateness o f  
present division o f  ground-water populations and thus the potential for  
combining data from these populations into fewer water groups, and 

which may influence the distribution and concentration of analytes within 
background samples 

e principal component analysis be investigated as a method to identify factors 
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2.0 INTRODUCTION 

2.1 PURPOSE 

Representative background analytical data are necessary for meaningful inter- 

pretations of RCRA facility investigations and CERCLA remedial investigation (soils, 

bedrock, surface water, and ground water) analytical results Background data assist in the 

evaluation of environmental degradation by determining spatial and temporal variability of 

a naturally-occurring constituent These characteristics can be compared statistically with 

data from a downgradient site to determine the likelihood that a particular concentration of 

chemicals represents a release from the SWMU 

This document presents the results of the first phase of a background hydrogeochemical 

characterization conducted pursuant to the Background Hydrogeochemical Characterization 

Monitoring Plan (BHCMP) (Rockwell International, 1989a) Described herein is a 

characterization of these media surficial and bedrock materials, stream sediments, an initial 

round of ground-water samples, and, two rounds of surface water samples This document 

identifies the appropriate statistical approach to compare background to non-background 

concentrations for each analyte, and provides calculated tolerance intervals for each analyte 

where possible 

The long-term goal of background hydrogeochemical characterization is evaluation of 

spatial and temporal variations in background ground-water and surface water quality 

Spatial variations have been addressed by placing sample locations at  several different 

locations across the plant The goal of evaluating temporal variation cannot be achieved until 

multiple data sets for each media are available This report covers only the first round of 

background ground-water samples and two rounds of surface water samples 
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2.2 BACKGROUND 

The Rocky Flats Plant (RFP) is a Department of Energy (DOE) facility involved in the 

manufacture of components for nuclear weapons The Plant fabricates the components from 

plutonium, uranium, beryllium, and stainless steel Both radioactive and nonradioactive wastes 

are generated in the process Current waste handling practices involve on-site and off-site 

recycling of hazardous materials and off-site disposal of solid radioactive materials a t  another 

DOE facility However, both storage and disposal of hazardous and radioactive wastes have 

occurred and are occurring on site Preliminary assessments under the DOE Comprehensive 

Environmental Assessment and Response Program (now called the Environmental Restoration 

(ER) Program) identified past on-site storage and disposal locations as potential sources of 

environmental contamination 

The ER Program is a comprehensive, phased program of site characterization, 

environmental monitoring, remedial investigations, risk assessments, feasibility studies, 

remedial/corrective actions, and site closures The Program includes CERCLA, RCRA 3004u 

and RCRA closure projects Draft remedial investigation (RI) and feasibility study (FS) 

reports, and RCRA closure plans have been submitted to EPA and CDH However, owing to 

aggressive investigation/clean-up schedules, sufficient background characterization data have 

not been previously collected Background data are necessary to identify which inorganic 

compounds, if any, may be indicative of contamination at  the Rocky Flats Plant Therefore, 

the final remedial investigation/feasibility study reports and closure plans will incorporate 

this background information 

2.3 GENERALAPPROACH 

In order to develop representative background data, samples were collected spatially 

across the Rocky Flats Property to characterize background variation within various media 

surficial and bedrock materials, stream sediments, ground water, and surface water In 

addition, samples were collected within subsets of some media based upon geological and 
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hydrogeological considerations For example ground water was sampled in Rocky Flats 

Alluvium, colluvium, valley fill alluvium, weathered sandstone and claystone, and 

unweathered sandstone 

The logic for selecting the appropriate method of statistical comparison between 

background and non-background is charted in Figure 2-1 As indicated within this flowchart, 

the primary determinant for use of the appropriate statistical method is the percentage of 

values above analytical detection limits If there are less than 10% detects for a particular 

parameter, tolerance intervals based on the Poisson distribution are appropriate, if greater 

than 10% and less than 50% detects occur, a test of proportions is appropriate, and if greater 

than 50% detects are encountered, tolerance intervals or analysis of variance (ANOVA) are 

appropriate (EPA, 1989) Tolerance intervals will be calculated if the number of samples 

collected is equal to or greater than seven while ANOVA will be reserved for analytes when 

the number of samples collected is less than seven The appropriate statistical procedure to 

be used for background/non-background comparative purposes, for each analyte within each 

subgroup, is identified in Section 4 0 

2.4 COMPUTATION OF NORMAL TOLERANCE INTERVAL 
STATISTICAL METHODS 

A tolerance interval will be computed for a constituent concentration in a background 

soil or water type based on the latest quarterly data. (This will occur only once for soils and 

bedrock units as only one round of sampling is necessary to characterize background 

geochemistry) Tolerance intervals define a range that contains at  least p% of a population 

with P% probability (level of confidence), i e ,  upon repeated sampling, P% of the calculated 

intervals will contain p% of the population Tolerance intervals answer the question where 

do most of the observations lie’ 
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For the tolerance interval to be useful in decision making, both "p" and "P" are chosen 

to be large, in this case, p = 095 and P = 095 A site-related or downgradient concentration 

that lies outside this interval will be evaluated as a potential release from a site/unit 

A tolerance interval is either one-sided or two-sided A two-sided tolerance interval 

is appropriate whenever a concentration either larger or smaller than background may be 

associated with a contaminant release, e g , pH One-sided tolerance intervals are appropriate 

for all other constituents for which an increase over background concentrations are indicative 

of releases A two-sided interval is defined by two limits (L1 and L,) where a proportion "p" 

of the population is contained between the limits L, and L, with probability "P" An upper 

(or lower) one-sided tolerance limit is defined so that P% of the population is less than (or 

greater than) the upper limit L, (or the lower limit L1) 

Criteria for  the use of tolerance intervals based on normal distribution are (1) a 50% 

or greater rate of detection among samples (EPA, 1989), and (2) a sample size of seven or more 

Tolerance interval calculations have been restricted to seven or more samples in order to 

obtain a 95 percent interval (95% of the population within a one-sided interval) with a 

tolerance factor of 3 4 (one-sided) at  the 95% confidence level (Table 2-1) (The BHCMP calls 

for nine samples to achieve a tolerance factor of 3 0, however, for preliminary use, if seven 

samples are available a tolerance interval will be calculated) When a sample set size was less 

than seven, the mean plus three standard deviations were calculated for comparison with other 

tolerance intervals When comparing these values, i t  must be emphasized that the mean plus 

three standard deviations reflects less than a 95% confidence level and/or less than 95% of the 

population 

Parametric tolerance intervals are calculated assuming a normal probability 

distribution Assumption of a normal probability distribution is consistent with new EPA 

regulations for RCRA ground-water monitoring (EPA, 1988) If a given constituent's 

concentration ranges over more than three orders of magnitude, then a log normal tolerance 

interval will be used (Doctor, Gilbert, and Kinnison, 1986) The other criterion used to 
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determine if the data was normally distributed was the calculation of the coefficient of 

variation The coefficient of variation is the standard deviation divided by the mean (or 

adjusted mean as developed by Cohen, 1961) If the coefficient of variation resulted in a 

value greater than one or less than zero, the data is assumed to be lognormally distributed, 

therefore, lognormal tolerance intervals are proposed 

The lower and upper limits of a normal population tolerance interval are computed as 

- 
L, = x - Ks and 

L2 = F+ ICs, 

where 
- 
x = mean of the sample population of size n, 

s = standard deviation of the sample population, and 

K = the normal tolerance factor [dependent on p, P, n (the number of samples), 
and on whether the interval is one- or two-sided] 

Table 2-1 presents tolerance factors K for two-sided and one-sided tolerance intervals 

at  95% population and 95% confidence With the exception of pH, one sided tolerance 

intervals (L2) will be calculated for all analytes For a small number of samples, the K value 

is large leading to tolerance intervals that probably would not detect releases from sites/units 

As the number of samples increases, the value of K decreases, which leads to narrower 

tolerance intervals Narrower background tolerance intervals will be more sensitive to 

detecting releases to the environment from sites/units 

Many Inorganic Target Analyte List constituents will be undetected in both background 

and downgradient wells Special procedures are thus needed to compute the mean and 

standard deviation of a population when a significant number of the observations are below 

the detection limit A data set is termed censored when not detected (ND) observations are 

present in a data set, and some assumption must be made about the statistical distribution 

Draft Background Gcochemcd Charactenration Raport 
Rocky Flattr Plant, Golden, Colorado 
roekw.ll\'bkgdchem\uc-2a jbb 

December 16, 1989 
Page 2-6 



TABLE 2-1 

TOLERANCE FACTORS FOR NORMAL TOLERANCE LIMITS 

FOR 95% POPULATION AT 95% CONFIDENCE 

2 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
35 
40 
45 
50 
60 
80 
100 
200 
500 
1000 
inf 
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Two-sided 

37 67 
9 916 
6 370 
5 079 
4 414 
4 007 
3 732 
3 532 
3 379 
3 259 
3 162 
3 081 
3 012 
2 954 
2 903 
2 858 
2 819 
2 784 
2 752 
2 723 
2 697 
2 673 
2 651 
2 631 
2 612 
2 595 
2 579 
2 554 
2 549 
2 490 
2 445 

2 379 
2 333 
2 272 
2 233 
2 143 
2 070 
2 036 
1960 

One-sided 

7 655 
5 145 
4.202 
3 707 
3 399 
3 188 
3 031 
2911 
2 815 
2 736 
2 670 
2 614 
2 566 
2 523 
2 486 
2 453 
2 423 
2 396 
2 371 
2 350 
2 329 
2 309 
2 292 

2 220 
2 166 
2 126 
2 092 
2 065 
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for the entire data set A technique for calculation of the mean and standard deviation of 

such a data set was developed by Cohen (1961) and can be used if the data are normally 

distributed 

The Cohen procedure is as follows (Doctor, Gilbert, and Kinnison, 1986) 

Let 
n = the total number of observations for a constituent, 

k = number of actual measurements out of n (not NDs), and 

x, = the detection limit of the constituent 

Then 

1) 

2) 

3) 

4) Compute t = s ~ ~ / ( x ~ - x , J ~ ,  

5) 

6) 

Compute h = (n-k)/n (the proportion of measurements below the detection limit), 

Compute xu = (Sum of x, for i = 1 to k)/k, 

Compute sZu = (Sum of (x, - xu)’ for i = 1 to k)/k, 

Obtain an estimate of Lambda from Table 2-2 using h and t, 

Estimate the mean and variance of the population from which the censored data 
set was drawn by computing 

x = xu - A2 (xu-xo) 
and s = [sly + (xu-xo) 2 ] 112 

With regard to radiochemistry data, a measurement error, equal to 2 standard deviations 

(2s) of the measurement is associated with the results It is necessary to consider propagation 

of error when interpreting the mean value computed from a series of radiochemical results, 

i e ,  the precision of each measurement must be considered in order to define the precision of 

the mean value This is accounted for by computing the variance (s2) of the mean value 

It is noted that the variance of the sum of n observations each with variance s2= is 

simply the sum of the variances 
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When coefficients are involved, the relationship is as follows 

Y s axc + bXC+l + . kx, 

S2Y = a s ,  2 2  + b2s2m+l + k2s2= 

Computation of mean implies the coefficients are each equal to l/n Therefore the 

variance of the mean is 

SZn 1 2 
0 I/n2 ( s’, + S , + l  + 

2 
= x  

The relationship has been used to calculate the error associated with the mean, where 

the error is 2s, 
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SECTION 3.0 

SAMPLING LOCATIONS AND SAMPLE COLLECTION 

In order to identify changes in site soil and water chemistry due to Plant operations, 

background conditions in soil and water are being evaluated Fifty monitoring wells were 

installed during this program and nine stations were selected for collection of surface water 

and sediment samples (Plate 1) In addition, samples were collected from eighteen boreholes 

for chemical analysis 

All ground-water, surface water, borehole, and sediment sampling activities were 

conducted in accordance with the ER Program Standard Operating Procedures (SOPS) for 

Rocky Flats Plant (Rockwell International, 1989b) Laboratory analyses of the samples were 

performed following Contract Laboratory Program (CLP) protocols for the Inorganic Target 

Analyte List Details of laboratory analyses for these and other constituents are presented in  

the Quality Assurance/Quality Control (QA/QC) Plan (Rockwell International, 1989c) Also 

presented in the QA/QC plan are the guidelines used during the Background Field Program 

for collection of QA/QC samples (f ield/equipment blanks, and field duplicates) 

3.1 GROUND WATER 

Two ground-water flow systems have been identified within the Rocky Flats Plant, 

a surficial flow system within the Rocky Flats Alluvium, colluvium, valley fill and weathered 

bedrock, and a bedrock flow system within unweathered bedrock sandstones (Figure 3-1) The 

hydraulic connection between the two flow systems are the bedrock sandstones which subcrop 

beneath surficial materials Ground-water flow for both systems is generally west to east, 

although ground-water flow in the surficial system is locally determined by topography 

Ground water within the Rocky Flats Alluvium moves downslope into colluvium and then into 

valley fill Ground water from the Rocky Flats Alluvium recharges weathered bedrock, and 

also the bedrock flow system where the weathered bedrock includes subcropping sandstones 
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Samples collected from fif ty-one ground-water monitoring wells (fif ty wells installed 

in 1989 and one well installed in 1986) at  the Rocky Flats Plant were analyzed to characterize 

background ground-water quality (Table 3-1) Also shown in Table 3-1 are the completion 

units for each of the background monitoring wells Wells were completed in the alluvium, 

colluvium, valley fill alluvium, and weathered and unweathered bedrock 

Results of the first round (Round 1) of ground-water samples are presented in this 

report Round 1 began on April 4, 1989 and was completed on July 17, 1989 A total of 35 

samples were collected from the fifty-one wells as shown in Table 3-2. Eight colluvial wells, 

one valley fill alluvium well, six weathered claystone wells, and one unweathered sandstone 

well were dry during the Round 1 sampling effort A well was considered dry if the water 

level in the well was below the base of the screen prior to the pre-sample purge The samples 

collected were analyzed for the parameters listed in Table 3-3 Contract Laboratory Program 

(CLP) Target Compound List (TCL) organics do not occur naturally and should not be present 

in background ground water Therefore, they were not included in the analyte list 

3 1 1 Rockv Flats A lluvium Ground Water 

Alluvial ground water was characterized by sampling alluvial wells installed in eight 

borings used for characterization of the Rocky Flats Alluvium (Wells B400189, B400289, 

B400389, B400489, B200589, B200689, B200789 and B200889) Well B405586 serves as the ninth 

background alluvial well (Plate 1) The wells were installed in two different areas of the Plant 

Buffer Zone to account for spatial variability Wells B405586, B400189, B400289, B400389 and 

B400489 were installed in the southwest portion of the buffer zone in an area which exhibits 

lithologies similar to the West Spray Field Wells B200589, B200689, B200789, and B200889 

were installed in the northern buffer zone sidegradient of the Plant due to expected 

similarities in lithology and saturated thicknesses to those a t  the Solar Evaporation Ponds, 903 

Pad, Mound, and East Trenches Areas 
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TABLE 3-1 

Well 
Nmbar --------- 
8400189 
8400289 
8400389 
8400489 
8200589 
8200689 
8200789 
8200889 
820lO89 
8201189 
8201289 
8201489 
8201589 
8301889 
0401989 
8302089 
8402189 
8102289 
8102389 
8202489 
8202589 
8402689 
8302789 
8302889 
8302989 
B303009 

8203189 
8203289 
8203489 
8203589 
8203689 
8203989 
8203889 
8203989 
8204089 
8204189 
8304289 
8204689 
8304M)9 
8304889 
8304989 
8405189 
8405289 
8305389 
8405489 
8205589 
8405689 
8405789 
8405889 
8405989 
8405586 

BACKGROUND WELL DATA FOR 
ROCKY FLATS PLANT 

1 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1 5  
1.5 
1.5 
1.5 
1 5  
1.5 
1.5 
1.5 
1.5 
1.5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

KEY TO STATUS 

10 09 
20 52 
9 50 
9 87 
11 86 
11 58 
9 07 
8 60 
348 
20 36 
14 73 
5 58 
4 38 
13 16 
6 55 
3 85 
13 50 
3 00 
3 74 
3 43 
4 53 
2 55 
4 00 
5 92 
346 
4 61 
35 26 
35 00 
31 00 
29 70 
27 05 
134 15 
107 00 
125 97 
106 50 
81 10 
84 40 
105 50 
27 90 
14 66 
75 50 
13 20 
41 24 
15 18 
39 13 
6 87 
3 00 
43 01 
36 04 
280 
3 55 

49 60 
50 00 
49 00 
54 45 
31 57 
31 05 
28 50 
23 12 
7 83 
34 80 
23 90 
9 96 
8 76 
22 60 
21 00 
13 30 
22 90 
12 47 
10 90 
12 90 
11 60 
3 28 
8 55 
10 52 
7 90 
7 00 
44 70 
u 47 
40 50 
39 16 
36 55 
138 59 
111 43 
130 42 
112 90 
95 33 
88 49 
109 95 
37 57 
24 14 
82 87 
22 69 
45 67 
25 00 
48 57 
16 30 
22 51 
52 48 
45 50 
6 70 
36 39 

51 35 
51 25 
50 30 
55 70 
33 31 
32 80 
30 47 
24 70 
9 60 
36 50 
26 11 
11 64 
10 50 
24 45 
22 65 
15 00 
24 60 
14 22 
12 61 
14 65 
13 40 
5 85 
10 17 
12 10 
9 65 

46 47 
46 00 
41 25 
40 94 
37 30 
140 84 
113 90 
132 70 
115 23 
97 62 
90 95 
112 22 
39 14 
25 90 
86 25 
24 45 
48 00 
26 30 
50 05 
18 00 
23 75 
53 72 
46 75 
8 50 
36 39 

a 90 

Depth to 

8 d r o e k  
(ft) ---------- 
49 80 
49 60 
48 50 
54 00 
30 00 
30 60 
28 00 
22 80 
7 50 
34 00 
23 40 
7 00 
8 20 
22 30 
20 50 
13 50 
7 50 
12 50 
10 40 
12 40 
11 20 
280 
8 00 
10 20 
740 
6 60 
30 30 
30 10 
28 60 
24 30 
22 60 
26 70 
28 40 
23 70 
1 60 
3 70 
10 50 
2 90 
22 90 
9 70 
840 
8 20 
10 30 
10 00 
34 00 
32 30 
0 00 
52 00 
6 50 
6 20 
35 50 

1 - Actlve Well. 2 - Abandoned Borehole, 3 - Abandoned Well, 
4 - Inactlve Well. 5 - Borehole SamDled. 6 - Obsarvatlon Wall 

KEY TO GEOLOGIC STRATA Qrf-Rocky Flats Alluvlum: Qc-Col1uvlum. Qvf-Valley FI11 
Alluvlum Kcl-Weathered Claystone. Kss-Sandstone 
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- 
WELL 

NUMBER 

8102289 

8102389 

8200589 

8200689 

8200789 

8200889 

8201089 

8201189 

8201289 

8201489 

8201580 

8202489 

8202489 

8202589 

8203189 

8203289 

8203489 

8203589 

8203689 

8203689 

8203789 

8203889 

8203989 

8204089 

*FB Field Blank 

TABLE 3-2 

BACKGROUND GROUND-WATER 

SbJWLE INFORFUITIDN FIELD PARAMETERS 

S-LE 
NUMBER 

G18890469001 

619890469001 

GO5890689001 

GO6890689001 

GO7890689001 

GO8890689001 

DRY 

610890589001 

DRY 

DRY 

DRY 

020890469001D 

020890489001 

021890~9001 

DRY 

628890689001 

DRY 

DRY 

G31890589001 

G31890589001D 

632890689001 

G33890789001 

G34890689001 

035890789001 

SAHPLE 

DATE 

041 25 189 

04/25/89 

06 107 189 

06/07/89 

06/06/89 

06/05/89 

04/19/89 

05/05/89 

05/11/89 

05/15/89 

051 12/89 

04/24/89 

04/24/89 

04/26/89 

05/24/89 

06/20/89 

05/25/89 

05/22/89 

05/25/89 

05/25/89 

06/27/89 

06/29/89 

06/16/89 

07/06/89 

Draft Background Ge0ch.mrc.l Churctenaataon %port 
Rocky Flats Plant, Golden, Colorado 1 
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SL! 

7 00 

6 70 

7 00 

7 20 

7 40 

8 60 

N/A 

7 20 

N/A 

NIA 

NIA 

7 00 

7 00 

7 30 

N/A 

8 00 

N/A 

N/A 

7 80 

7 80 

10 00 

9 80 

9 00 

9 70 

FIELD CDND 

(umhos/cm) 

130 0 

250 0 

150 0 

200 0 

220 0 

205 0 

N/A 

550 0 

N/A 

N/A 

N/A 

265 0 

265 0 

265 0 

N/A 

400 0 

N t n  

N/A 

230 0 

230 0 

260 0 

340 0 

320 0 

1000 0 

TEMP 

Ides Cl 

10 0 

9 0  

10 5 

11 0 

11 0 

12 2 

N/A 

10 0 

N/A 

NIA  

N/A 

12 0 

12 0 

11 0 

N/A 

1 5  0 

NIA 

N/A 

1 1  0 

11 0 

12 0 

20 0 

13 0 

17 0 
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TABLE 3-2 (CONTINUED) 

BACKGROUND GROUND-WATER 
SAMPLE INFORMATION 

- 
WELL 

NUMBER 

8204189 

8205589 

8301889 

8302089 

8302789 

8302889 

8302989 

8303089 

8304289 

8304789 

8304889 

8304989 

8305389 

8400189 

8400289 

8400389 

8400489 

8401989 

8401989 

8402189 

8402689 

8405189 

8405289 

8405489 

SAMPLE INFOWTION 

SAnPLll 

NUMBER 

G36890689001 

DRY 

DRY 

DRY 

623890489001 

G24890489001 

G25890489001 

DRY 

G37890689001 

DRY 

DRY 

G41890689001 

644890589001 

GO1890689001 

GO2890689001 

GO3890689001 

GO4890689001 

G15890589001 

6158905890010 

G178906E9001 

622890489001 

DRY 

DRY 

G45890689001 

*LE 

DATE 

06/27/89 

05/05/89 

0511 1/89 

05/16/89 

04/26/89 

04/27/89 

04/27/89 

05/10/89 

06/23/89 

05/24/89 

05/22/89 

06/23/89 

05/31/89 

061 14/89 

06/14/89 

06/14/89 

06/15/89 

05/04/89 

05/04/89 

06/05/89 

04/27/89 

05/24/89 

06/23/89 

06/21/89 

FIELD PARAMETERS 

10 40 

NIA 

N/A 

NIA 

7 50 

7 50 

7 50 

N/A 

9 00 

N/A 

MIA 

8 90 

7 30 

6 60 

6 70 

7 40 

7 00 

r io 
7 10 

8 40 

7 10 

N/A 

N/A 

8 10 

FIELD CON0 

(umhoslcm) 

1800 0 

N/A 

N/A 

N/A 

370 0 

410 0 

475 0 

N/A 

760 0 

N/A 

N/A 

890 0 

570 0 

140 0 

160 0 

380 0 

210 0 

340 0 

340 0 

345 0 

500 0 

N/A 

N/A 

325 0 

TEMP 

jdeq C y  

12 0 

NIA 

N/A 

NIA 

10 0 

11 0 

9 0  

N/A 

21 0 

NlA 

N/A 

21 0 

12 0 

11 0 

11 5 

11 5 

13 0 

9 0  

9 0  

10 0 

14 0 

N/A 

N/A 

23 0 
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WELL 

NUMBER 

6405586 

6405689 

8405789 

6405889 

8405889 

8405989 

FB 

FB 

FB 

FB 

*FB Field Blank 

TABLE 3-2 (CONTINUED) 

BACKGROUND GROUND-WATER 
SAMPLE INFORMATION 

UEQCL INI-TIOW 

SWPLL SMPLE 

W E R  DATE 

G56860659001 06 / 081 89 

647890689001 06/14/89 

648890689001 06/15/89 

G49890689001 06/14/89 

649890689001D 06/14/89 

DRY 05 / 17/89 

620890489001FB 04/24/89 

G1089058900lFB 05/05/89 

G31890589001FB 05/25/89 

G49890689001FB 06/14/89 

D& Background G.0chermc.l C h u ~ t n n r a t i o n  &port 
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fIELD P A M E T E R S  

FIELD CON0 TEMP 

& (umhos/cm) 1d.g C l  

7 10 180 0 11 0 

7 50 340 0 11 0 

7 00 190 0 13 0 

7 00 250 0 9 0  

7 00 250 0 9 0  
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I TABLE 3-3 

~ 

BACKGROUND GROUND-WATER AND SURFACE WATER SAMPLING PARAMETERS 

a 

FIELD PA RAMETERS 

PH 
Specific Conductance 
Temperature 
Dissolved Oxygen* 

R 

Total Dissolved Solids 
Total Suspended Solids* 
PH 

.. METALS 

CLP Inorganic Target Analyte List 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Other Metals 
Cesium 
Lithium 
Molybdenum 
Strontium 
Tin 
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TABLE 3-3 (CONTINUED) 

BACKGROUND GROUND-WATER AND SURFACE WATER SAMPLING PARAMETERS 

* 
** 

*** 

Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate (as N) 
Cyanide 

BADIONUCLIDES 

Gross Alpha 
Gross Beta 
Uranium 233+234, 235, and 238 
Americium 24 1 
Plutonium 239+240 
Strontium 90 
Cesium 137 
Tritium 
Radium 226, 228*** 

For surf ace water samples only 

Analysis for total and dissolved metals for surface water Analysis for total 
(Rounds 1 and 2) and dissolved (Round 1 only) radionuclides (except tritium) on 
surface water Analysis for dissolved metals and radionuclides (except tritium) only 
for ground water Analysis for total tritium only in surface water and ground 
water 

Decision tree If the Gross Alpha value was 2 5 pCi/1 then the sample was analyzed 
for Ra 226,228 
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In addition to the above alluvial background wells, one well cluster was installed in 

the Rocky Flats Alluvium at the location where the greatest saturated thickness was 

encountered The purpose of this cluster is to evaluate geochemical stratification of alluvial 

ground-water quality west of the Plant This will aid in the interpretation of potential 

geochemical stratification and impacts on ground-water quality from the West Spray Field 

The well cluster consists of three wells constructed on the basis of the saturated thickness 

encountered during drilling Well B400489 was screened over the entire saturated thickness 

of the Rocky Flats Alluvium (9 87 to 54 45 feet below ground surface) Well B405789 located 

approximately 15 feet west of B400489 and was screened over the bottom ten feet of saturated 

alluvium (43 01 to 52 48 feet below ground surface) and Well B405689, installed approximately 

15 feet east of B400489, was screened from ten feet above to ten feet below the water level (3 0 

to 22 51 feet below ground surface) 

3 1 2  c o  lluvial Ground Wate r 

Ten wells were installed in colluvial materials to account for spatial variability Wells 

B20 1089, B20 1 189, B20 1289, B20 1489, B20 1589 and B205589 were installed in the north buffer, 

whereas Wells B301889, B401989, B302089 and B405989 were installed in the south buffer zone 

(Plate 1) There are no waste sites/units in either of these areas 

3 1 3 Vallev Fill Alluvium Ground Water 

Valley fill ground-water quality was characterized by sampling nine wells installed in 

valley fill materials (Plate 1) Wells B102289, B102389, B202489 and B202589 were installed 

at  four locations along the Rock Creek drainage, and five additional wells were installed in 

the Woman Creek drainage and other unnamed drainages in the south buffer (B402689, 

B302789, B302889, B302989 and B303089) to characterize spatial variability along and between 

drainages None of the above areas have been impacted by waste sites/units 
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3 1 4  Bedrock Ground Wate r 

Data for the characterization of background bedrock ground-water quality were 

These wells collected by installing and sampling 21 monitoring wells screened in bedrock 

were drilled in various areas of the Plant buffer zone (Plate I )  

Eleven bedrock wells were completed in the northern buffer zone Five of the eleven 

wells (B303 189, B203289, B203489, B203589 and B203689) were installed adjacent to the 

sidegradient northern alluvial wells and were completed in weathered claystone The 

remaining six wells (B203789, B203889, B203989, B204089, B204 189 and B204689) were 

completed in unweathered sandstones 

Ten bedrock wells were installed in the southern buffer zone Three were completed 

in unweathered sandstones (Wells B304289, B304989, and B405289), five were completed in 

shallow, weathered claystone (Wells B304789, B304889, B405 189, B305389, and B405489), and 

two (B402189 and B405889) were completed In weathered sandstones 

3.2 SURFACE WATER 

Nine surface water monitoring locations were selected as hac-ground stations (Plate 

1 and Table 3-4) One station (SW-107) is located in the Woman Creek drainage upstream of 

all sites/units Three stations (SW-41, SW-80, and SW-104) are positioned within tributaries 

entering Woman Creek from the southwest Station SW-07 is situated in a tributary of Walnut 

Creek and stations SW-06, SW-05, SW-108, and SW-04 are located along the Rock Creek 

drainage Analytical data from the first two rounds of sampling are included in this report 

The first round of samples was collected between 2/24/89 and 3/2/89 with all nine stations 

sampled (Table 3-5) The second round of samples was collected on 5/8/89 through 6/1/89 and 

two stations (SW-80 and SW-04) were dry (Table 3-6) Additional rounds are being collected 

to evaluate seasonal variations in surface water chemistry 
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TABLE 3-4 

BACKGROUND SURFACE WATER AND SEDIMENT STATION DATA 
FOR 

ROCKY FLATS PLANT 

Surf ace Water 

SW004 

SW005 

SW006 

SW007 

SW04 1 

SW080 

SW104 

SW107 

SW108 

Sediment 
Station Number 

SED 22 

SED 20 

SED 23 

SED 04 

SED 17 

SED 18 

SED 19 

SED I6 

SED 21 

>tion 

Rock Creek Drainage 

Rock Creek Drainage 

Rock Creek Drainage 

Tributary of Walnut Creek 

Tributary of Woman Creek 

Tributary of Woman Creek (spring) 

Tributary of Woman Creek (spring) 

Woman Creek Drainage 

Rock Creek Valley Wall 
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TABLE 3-5 

BACKGROUND SURFACE WATER SAMPLE INFORMATION 
ROUND 1 

STATION 

NUMBER 

FB 

SUO4 

SUO5 

SUO6 

SUO6 

SW104 

SAMPLE INFORHATIU4 

SAMPLE SAMPLE 

NUMBER DATE 

SW0600lFB 02/24/09 

moo4001 03/02/09 

mosooi 02/20/09 

SW06001 02/24/09 

SWO6OOlD 02/24/09 

SWOlOOl 02 f 27/09 

SW104001 03 fOZl09 

m107 

swl00 

W41 

*FB Field Blank 

sw107001 02/20/09 

SWl00001 03/02/09 

SW41001 0310 1/89 

m000001 03/01/09 

DnR Background Goochamred Churctenr8tion €&port 
Rocky Flat8 Plant, Golden, Colorado 
rockrell\bkgdchem\we-J. jbb 

FIELD PARAMETERS 

sl! 

NIA 

6 50 

6 20 

6 45 

6 45 

6 40 

5 90 

5 60 

5 00 

5 00 

6 00 

FIELD CON0 

(urnhos/crn) 

N/A 

210 00 

150 00 

60 00 

60 00 

130 00 

410 00 

190 00 

205 00 

200 00 

160 00 

TEMP 

Ld.9 C l  

NIA 

3 0  

2 7  

4 0  

4 0  

5 0  

1 0  

0 5  

1 0  

0 5  

0 6  

D O  

0 

NIA 

7 0  

4 0  

3 1  

3 1  

1 3  

3 0  

5 3  

7 4  

5 5  

3 8  

December lS, 1989 
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TABLE 3-6 

STATION 

NUMBER 

BACKGROUND SURFACE WATER SAMPLE INFORMATION 
ROUND 2 

FB 

SW04 

W05 

W07 

W l 0 4  

m i 0 7  

SAMPLE INFOWTIQW 

SAMPLE SAMPLE 

NUMBER DATE 

W108002FB 05J3OJ89 

DRY 05 J30 J89 

WOO5002 05J3OJ89 

WOO6002 05 J 3 l  J89 

SW007002 05/11/89 

W104002 06 JOl  J89 

W107002 05 J26/89 

W108 

SWlO8 

sw108002 os J30/89 

W108002D 05/30/89 

SW41 

SW80 

SW04 1002 05/26 Jag 

DRY 05/24 J89 

FIELD PARAMETERS 

sl! 

N/A 

NJA 

7 20 

7 00 

6 50 

7 50 

7 50 

7 40 

7 40 

6 80 

NJA 

FIELD CON0 

(umhos/cm) 

NIA 

NIA 

7 0  00 

90 00 

285 00 

140 00 

192 00 

300 00 

300 00 

165 00 

NIA 

TEMP 

ides Cy 

NIA 

N/A 

12 0 

14 0 

15 0 

14 0 

21 0 

13 0 

13 0 

19 0 

N/A 

D O  

0 

NJA 

NIA 

3 4  

4 5  

5 9  

5 3  

3 2  

0 0  

0 0  

0 0  

N/A 
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Laboratory analyses on background surface water samples consisted o f  the parameters 

listed in Table 3-3 Surface water samples were analyzed in the field for  pH, conductivity, 

temperature, and dissolved oxygen (Table 3-2) 

3.3 STREAM SED IMENT 

Background stream sediment chemistry was evaluated by sampling nine sediment 

monitoring locations for subsequent chemical analyses (Plate 1 and Table 3-4) These stations 

are paired with the background surface water stations described above Stations SED-20, SED- 

21, SED-22, and SED-23 are located in  the Rock Creek drainage, station SED-04 is located in 

Walnut Creek, and stations SED-16, SED-I 7, SED-18, and SED-19 are located in  Woman Creek 

These sites were selected as locations representative o f  sediments present in the drainages on 

the plant site where impacts from sites/units are not anticipated 

Sample collection took place between 2/21/89 and 2/24/89 and a total o f  nine samples 

were collected (Table 3-7) The background sediment samples were analyzed for  the 

parameters listed in Table 3-8 

3.4 BOREHOLE SAMPLES 

Two major types o f  surficial materials (Rocky Flats Alluvium and Colluvium) have 

been identified at  the Rocky Flats Plant Many o f  the RCRA/CERCLA sites are situated on 

Rocky Flats Alluvium, including the Present Landfill, Original Process Waste Lines, West 

Spray Field, Solar Evaporation Ponds, 903 Pad Area, Mound Area, and East Trenches Areas 

Colluvium is present in  the previously mentioned investigation areas as well as in  the 881 

Hillside Area Development o f  background borehole data therefore required sampling o f  both 

types o f  materials 
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TABLE 3-7 

BACKGROUND SEDIMENT SAMPLE INFORMATION 

STATION 
NUMBER 

FE 

SD004 
SDOO4 

SD016 

SD017 

SD018 

SD019 

SD020 

SD021 

SD022 

SO023 

SAMPLE INFORMATION 
SAMPLE SAMPLE 
NUMBER DATE 

SED22001FE 02/22/89 

SED04001 
SEDO4OOlD 

02/21/09 
02/21/89 

SED16001 02/23/89 

SED17001 02/23/89 

SED18001 02/23/89 

SED19001 02/23/89 

SED2 0001 02 /22 189 

SED21001 02/22/89 

SED2 2 0 0 1 02/22/89 

SED2 3001 02/21/89 

*FB Field Blank 

Decambu IS, 1989 
P-0 S-16 



TABLE 3-8 

BACKGROUND SEDIMENT SAMPLING PARAMETERS 

METALS 
CLP Target Analyte List 
Cesium 
Lithium 
Molybdenum 
Strontium 
Tin 

INORGANICS 

Nitrate (as N) 
PH 
% solids 

RADIONUC LIDES 

Gross Alpha 
Gross Beta 
Uranium 233, 234,235, 238 
Plutonium 239, 240 
Americium 241 
Strontium 89, 90 
Cesium 137 
Tritium 
Radium 226,228 
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In addition to surficial materials, bedrock underlies the surficial deposits at  the Rocky 

Flats Plant, therefore characterization of the background geochemical conditions in these 

geologic units was conducted for comparison with investigative samples 

Borehole samples were collected from nine borings drilled in the Rocky Flats Alluvium 

and nine boreholes drilled in colluvial materials (Plate 1) Weathered bedrock samples were 

also collected from the boreholes drilled in the colluvium to characterize the weathered 

sandstone and claystone 

Several different areas of the plant were chosen in order to account for spatial 

variability of soil chemistry Table 3-10 lists the survey data as well as the total depth and 

depth to bedrock for each borehole Boreholes B400189, B400289, B400389, and B400489 were 

drilled in the southwestern buffer and boreholes B200589, B200689, B200789, B200889, and 

B200989 were drilled in the northern buffer zone These boreholes were used to collect soil 

samples to characterize the geochemistry of the Rocky Flats Alluvium Background samples 

from colluvial materials were collected in both the northern and southern buffer zones 

Boreholes B201189, B201289, B201489, and B201589 were drilled along the Rock Creek valley 

walls and borehole B201089 was drilled along McKay Ditch Boreholes B301889, B401989, 

B302089 and B402189 were drilled in the southern buffer along the south wall of Woman 

Creek 

Split-spoon, split-tube, or cuttings were collected from ground surface to total depth 

in each borehole Composite soil samples were prepared from each desired interval based on 

drilled footages and lithology (Table 3-10) Each soil boring in the Rocky Flats Alluvium 

extended from ground surface to approximately three feet below the alluvium/bedrock 

contact A three-foot (drilled footage) composite sample was collected at  the surface of each 

borehole regardless of lithology Six-foot composite samples were collected from three feet 

below ground surface to the alluvium/bedrock contact unless a lithologically distinct layer two 

feet or greater in thickness was encountered A total of 70 samples (excluding field duplicates 
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TABLE 3-9 

BACKGROUND BOREHOLE DATA FOR 

ROCKY FLATS PLANT 

Borehole 
Numbmr 

Boreholm 
Statu. 

Ground 
Surface 
Elmv (ft) 

Total 
Dmpth 

(ft) 

Bodroc k 
Dmpth 

(ft) 

0405189 
8400289 
0400389 
0400489 
8200589 
8200689 
8200789 
0200889 
0200989 
0201089 
8201189 
0201289 
8201489 
0201589 
0301889 
8401989 
0302089 
0402189 

5.6 
1.5 
1.5 
1.5 
1.5 
1 5  

1.5 
1.5 
2.5 
1 , s  
1.5 
1 5  
1.5 
1.5 
1.5 
1.5 
1.5 
1 5  

6121 80 
6105 90 
6122 00 
6105 90 
5968 40 
5960 10 
5946 10 
5936 10 
5920 80 
5883 10 
5806 50 
5826 10 
5859 40 
5846 00 

5866 80 
6025 60 
5907 50 
6024 60 

54 60 
52 00 
50 40 
56 00 
33 51 
35 70 
34 40 
27 84 
24 50 
19 55 
46 00 
32 10 
19 20 
20 30 

34 50 
33 00 
25 50 
49 00 

48 50 
49 60 
48 50 
54 00 
30 00 
30 60 
28 00 

22 00 
7 50 

34 00 
23 40 

7 00 
8 20 

22 30 
20 50 
13 50 

7 50 

22 a0 

KEY TO STATUS 1 - Active Well. 2 - Abandonmd Bormhola 3 - Abandoned Well 
4 - Inactive Well 5 - Borakola Sampled 6 - Obsmrvation Wmll 
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and redrills) collected from within the Rocky Flats Alluvium were submitted to the laboratory -- 
for chemical analysis. e 

Sampling methodology at locations originating i n  colluvium was the same as the 

sampling scheme used for the Rocky Flats Alluvium Boreholes except that these borings 

extended approximately twelve feet into bedrock so that weathered bedrock soil samples could 

be obtained. A total of 28 soil samples from the colluvial materials were collected and 

submitted for chemical analysis 

The weathered bedrock samples were comprised of  two six-foot composite samples 

originating at the colluvium/bedrock contact. As in  alluvial samples, discrete samples were 

collected if  a lithologically distinct layer two feet or greater in thickness was encountered 

Twenty bedrock soil samples were collected for chemical analysis. 

Samples were submitted to the laboratory for chemical analysis Soil samples were 

analyzed for the parameters listed in  Table 3-10 With the exception o f  Target Compound List 

(TCL) organics, and hexavalent and trivalent chromium, this list includes all parameters for 

which investigative samples from the 881 Hillside, 903 Pad, Mound, East Trenches, Solar 

Evaporation Ponds, and West Spray Field have been analyzed TCL organics were not expected 

to be present in  background soils; therefore, they were not selected as analytes A separate off-  

site investigation is being conducted to verify the background concentration range of 

plutonium in  surficial soils 

Draft B u w u n d  G.0cbermc.I Ch.nekruation Report 
Rocky Flab Plant, Golden, Colordo 
rockwell\bkgdchem\~-Sa jbb 

December 16, 1989 
Page 3-20 



0- 
TABLE 3-10 

BACKGROUND BOREHOLE SAMPLE INFORMATION 

BOREHOLE 

N W E R  

8405189 

8405189 

8405189 

8406189 

8405189 

8405189 

8405189 

8405189 

8405189 

8400289 

8400289 

8400289 

8400289 

8400289 

8400289 

8400289 

8400289 

8400289 

8400389 

8400389 

8400389 

8400389 

8400389 

8400389 

8400389 

8400389 

8400389 

8400389 

8400489 

8400489 

8400489 

8400489 

8400489 

8400489 

8400489 

8400489 

8400489 

8400489 

8400489 

8400489 

8400489 

8200589 

8200589 

*FB. Field Blank 

SAIIPLE 

NWOER 

BH01890003 

8H01890309 

BHO1890915 

BH01891521 

BH01092127 

BHO1893036 

BHOl893638 

BHOl893844 

8H01894448 

8H02890003 

8H02890309 

8H02890915 

8H02891521 

8H02891521D 

BH02892130 

BH02893036 

8H02893642 

8H02894248 

BH03890003 

BHO3890309 

BH03890309D 

8H03890915 

8H03891521 

8H03892127 

8H03892733 

8H03893339 

BH03893945 

8H03894548 

8H04890003 

BH04890309 

8H04890915 

8H04890915D 

8H04891521 

8HO4892127 

8H04892733 

8H04893335 

8H04893538 

8H04893840 

8H04894046 

BH04894652 

8H04895254 

BHO5890003R 

wo5890003 

UFOLE 

DATE 

03/09/89 

03/09/89 

03/09/89 

03/09/89 

03/09/89 

03/10/89 

031 lO/89 

03/10/89 

03/10/89 

04/12/89 

04/12/89 

04/12/89 

041 13/89 

041 13/69 

04/13/89 

04/14/89 

04/14/89 

04/17/89 

04/25/89 

04/25/89 

04/25/89 

04/25/89 

04/25/89 

04/25/89 

04/05/89 

04/25/89 

04/26/89 

04/26/89 

04/28/89 

04/28/89 

04/28/89 

04/28/89 

04/28/89 

04/28/89 

05/01/80 

05/01/89 

05/01/89 

OS/Ol/89 

05/01/89 

05/01/89 

05/01/89 

03/08/80 

02/22/89 
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DEPTH 

INCREMENT(ft 1 

0 00 - 3 00 

3 60 - 8 55 

9 60 - 15 40 

15 60 - 20 30 

21 60 - 26 50 

29 50 - 35 60 

35 60 - 37 60 

37 60 - 42 60 

43 60 - 47 50 

0 00 - 3 00 

4 00 - 9 00 

9 00 - 14 90 

16 00 - 21 10 

16 00 - 21 10 

21 10 - 28 70 

30 00 - 36 00 

36 00 - 41 30 

42 00 - 47 20 

o w -  3 0 0  

3 00 - 9 00 

3 00 - 9 00 

9 00 - 15 00 

15 00 - 21 00 

21 00 - 27 00 

27 00 - 33 00 

33 00 - 39 00 

39 00 - 45 00 

45 00 - 48 50 

0 00 - 3 00 

3 00 - 9 00 

9 00 - 15 00 

9 00 - 15 00 

15 00 - 21 00 

21 00 - 27 00 

27 00 - 33 00 

33 00 - 3s 50 

35 50 - 38 00 

38 00 - 40 00 

40 00 - 46 00 

46 00 - 52 00 

52 00 - 54 00 

0 00 - 2 80 

O W -  3 1 0  

LITHOLOGICAL 

DESCRIPTION 

CLAYEY GRAVEL 

SANDY GRAVEL 

GRAVELLY CLAYEY SAND 

SANDY GRAVELLY CLAY 

GRAVEL 

CLAYEY GRAVEL 

GRAVELLY CLAY 

GRAVELLY CLAYEY SAND 

GRAVELLY CLAYEY SAND 

SILTY CLAYEY SANDIGRAVEL 

SILTY CLAYEY SANDIGRAVEL 

SILTY CLAYEY SANOIGRAVEL 

SILTY CLAYEY SANDIGRAVEL 

SILTY CLAYEY SANDIGRAVEL 

SILTY CLAYEY SANMGRAVEL 

SILTY CLAYEY SANMGRAVEL 

SILTY CLAYEY SANDIGRAVEL 

SILTY CLAYEY SANMGRAVEL 

SILTY SAND 

SILTY SAND TO CLAYEY SAND 

SILTY SAND TO CLAYEY SAND 

SILTY SAND 

SILTY SAND 

SILTY SAND 

SILTY SAND 

SILTY SAND 

SILTY-CUYEY SAND 

SILTY-CLAYEY SAND 

SILTY SAND 

SILTY SAND 

SAND I GRAVEL 

SAND I GRAVEL 

SAND I GRAVEL 

SANMGRAVEL TO SILTY SAND 

SILTY SAND 

SILTY SAND 

CLAYEY SILT 

CLAYEY SILT AND SAND 

SANDY GRAVEL 

SANDY GRAVEL 

SANDY GRAVEL 

SILTY SANDY CLAY 

GRAVEL 

Docember 16,1989 
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TABLE 3-10 
(Continued) a- 

BDREHOLE 

N W E R  

8200589 

8200589 

8200589 

8200589 

8200589 

8200589 

8200589 

8200689 

8200689 

8200689 

8200689 

8200689 

9200689 

8200689 

8200789 

8200789 

9200789 

8200789 

8200789 

8200789 

8200789 

8200889 

8200889 

8200889 

8200889 

8200889 

8200889 

8200889 

8200989 

8200989 

8200989 

8200989 

8200989 

8200989 

9201089 

9201089 

8201089 

8201189 

8201189 

8201189 

9201189 

*FB Field Blank 

BACKGROUND BOREHOLE SAMPLE INFORMATION 
S W L E  INFORHATION 

9HO5890308 

9HOS890308D 

BHO5890913 

8HO5891317 

9HO5891723 

8HO5892325 

9HOS892530 

8H06890003 

8H06890104 

9H06890410 

BH06891016 

9HO6891618 

9H06891824 

8H06892430 

BHO7890003 

BHO7800103 

8HO7890306 

BH07890612 

9H07691218 

8H07891824 

8H07892426 

8H08890003 

8H08890106 

BHO8890106D 

BH08890608 

8H08890814 

8HO8891420 

9HO8892022 

8H09890003 

BH09890104 

BH098904100 

8H09890410 

BH09891016 

9H09891620 

BH10890003 

9H10890106D 

8H10890106 

8H11890003 

BH11890309 

8H11890915 

9Hl1690915D 

S W L E  

DATE 

02/22 189 

02/22/89 

02/22/89 

02/22/89 

02/22/89 

02/22/89 

02/23/89 

03/09/89 

02/28/89 

02/28/89 

02/28/89 

02/28/89 

02 128 189 

02/28/89 

03/08/89 

03/0ll09 

03/01 189 

03/01/89 

03 / 01 / 89 

03/01/89 

03/01 189 

03/08/89 

03/06/89 

03/06/89 

03/06 189 

03/06/89 

03/06/89 

03/06/89 

03/08/89 

03/02/89 

03/02/89 

03/02/89 

03/02/89 

03/02 189 

03/09 189 

03102/89 

03/02/89 

03/17/89 

03/17 I89 

03/17/89 

03l17/89 
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DEPTH 

I N C R W N T ( f t  ). 

3 5 0 -  8 4 0  

3 5 0 -  8 4 0  

9 50 - 12 70 

13 50 - 17 00 

17 00 - 23 50 

23 50 - 25 50 

25 00 - 30 00 

0 00 - 1 90 

1 00 - 4 50 

4 50 - 9 20 

9 90 - 15 90 

15 90 - 17 90 

17 90 - 23 90 

23 90 - 29 40 

0 00 - 2 90 

1 0 0 -  2 7 0  

3 00 - 6 30 

6 30 - 10 30 

12 00 - 17 70 

18 00 - 23 00 

24 00 - 26 00 

0 00 - 2 10 

1 00 - 6 10 

1 00 - 6 10 

6 30 - 7 10 

8 30 - 13 70 

14 30 - 19 30 

20 30 - 21 20 

0 00 - 2 80 

1 00 - 4 00 

4 00 - 9 90 

4 00 - 9 90 

10 00 - 14 80 

16 00 - 18 40 

0 00 - 2 60 

1 00 - 6 50 

1 00 - 6 50 

0 00 - 3 00 

3 0 0 -  9 0 0  

9 00 - 15 00 

9 00 - 15 00 

LITHDLOGICAL 

DESCRIPTION 

CLAY h SAND 

CLAY h SAND 

CLAYEY SAND 

SANDY CLAY 

GRAVEL h SAND 

GRAVEL h SAND 

GRAVEL h SAND 

SILT b CLAY 

GRAVELLY CLAY 

GRAVEL 

SANDY GRAVEL 

CLAY 

SANDY CLAYEY GRAVEL 

SAND h GRAVEL 

SILTY SANDY CLAY 

GRAVELLY CLAY 

CALICHE 

SAND h GRAVEL 

GRAVELLY SAND CLAY 

GRAVEL h BAND 

GRAVEL h SAND 

GRAVELLY CLAY 

SANDY SILT CLAY 

SANDY SILTY CLAY 

SILTY SAND h GRAVEL 

SILTY SAND 

SILTY SAND h GRAVEL 

SILTY SAND h GRAVEL 

GRAVEL 

GRAVELLY CLAY 

GRAVEL h SAND 

GRAVEL h SAND 

GRAVEL h SAND 

GRAVEL h SAND 

SILTY SANDY CLAY 

SILTY CLAY 

SILTY CLAY 

CLAY 

CLAY 

CLAY 

CLAY 
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TABLE 3-10 
(Continued) 

BOREHOLE 

NUFIBER 

8201189 

8201189 

8201189 

8201289 

8201289 

8201289 

8201289 

8201289 

82014889 

8201489 

8201589 

8201589 

8301889 

8301889 

8301889 

8301889 

8401989 

8401989 

8401989 

8401989 

8302089 

8302089 

8402189 

8402189 

8201089 

8201089 

8201189 

8201189 

8201289 

8201289 

8201489 

8201489 

8201489 

8201589 

BACKGROUND BOREHOLE SAMPLE INFORMATION 
SAnPLE INFOWTION 

W L E  

NUMBER 

8H11891521 

BH11892127 

8H11892733 

8H12890003 

BH12890307 

BH12890915 

8H12891521 

BH12891521D 

8H13890003 

BH13890307 

8H14890003 

8H14890307 

8H15890003 

BH15890309 

BHl5890915 

BH15891521 

8H16890003 

BH16890309 

BH16890915 

8H16891519 

BH17890003 

BH17890306 

8H18890003 

BH18890307 

BH10890713 

8H10891319 

BH11893541 

8H11894146 

8H12892329 

BH12892930 

BH13891015 

8H138910150 

8H13891519 

8H14890814 

8201589 BH14891417 

*FB Field Blank 

W L L  

DATE 

03/17/89 

03/17/89 

031 17 189 

03/22/89 

03/22/89 

03/23/89 

03/23/89 

03/23/89 

03/10/89 

03/10/89 

03/15/89 

03/15/89 

03/07/89 

03/07/89 

03/07/89 

03/07/89 

04/05/89 

04/05/89 

04/05/89 

04/05/89 

03/28/89 

03/28/89 

03/29/89 

03/29/89 

03/02/89 

03/02/89 

03/23/89 

03/23/89 

03/23/89 

03/23/89 

03/10 fa9 

03/10/89 

03/10/89 

03/16/89 

03/16/89 

Draft Background Ge0chenuc.l Charactenratioon Fteport 
Rocky Flab Plant, Golden, Colorado 3 
roclrwdl\bkgdch~\..c-3. Jbb 

15 00 - 21 00 

21 00 - 27 00 

27 00 - 33 00 

0 00 - 3 00 

3 00 - 6 80 

9 00 - 15 00 

15 00 - 20 65 

15 00 - 20 65 

0 00 - 3 00 

3 00 - 7 00 

0 00 - 3 00 

3 00 - 7 00 

0 00 - 3 00 

3 00 - 9 00 

9 00 - 15 00 

15 00 - 21 00 

0 00 - 3 00 

3 0 0 -  9 0 0  

9 20 - 13 30 

16 00 - 19 00 

0 00 - 2 10 

3 60 - 6 00 

0 00 - 0 80 

3 30 - 7 30 

7 50 - 13 50 

13 50 - 19 50 

34 50 - 41 00 

41 00 - 46 00 

23 40 - 29 40 

29 00 - 29 90 

10 70 - 15 00 

10 70 - 15 00 

15 00 - 19 20 

8 20 - 14 20 

14 20 - 17 00 

LITHDLOGICAL 

DESCRIPTION 

CLAY 

CLAY 

CLAY 

CLAY 

SILTY CLAY 

SILTY CLAY 

SILTY CLAY 

SILTY CLAY 

SILTY CLAY 

SILTY CLAY 

SILTY CLAY 

SILTY CLAY 

SILTY CLAY 

SILTY CLAY 

SILTY CLAY 

SILTY CLAY 

CLAY L GRAVEL 

CLAY 

CLAY 

SANDY GRAVELLY CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

SILTY CLAYSTONE 

SILTY CLAYSTONE 

CLAYSTONE 

CLAYSTONE 

CLAYSTONE 

CLAYSTONE 

CLAYSTONE 

CLAY STONE 

C LAYSTONE 

CLAY STONE 

SILTY CLAYSTONE 

December 16, 1989 
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TABLE 3-10 
(Con timed) 

I 

BACKGROUND BOREHOLE SAMPLE INFORMATION 

SMPLE INFOWTION 

LITHoLOO1CAL 

OESCRIPTION 

SNPLE 

DATE 

03/07/89 

03/07/89 

04/05/89 

04/05/89 

03/28/89 

03/26/89 

03/26/89 

03/29/89 

03/06/69 

02/22/89 

03/1?/69 

03/23/89 

03/08/89 

03/28/89 

04/12/89 

04/25/89 

04/28/09 

03/07/69 

03/23/89 

Q3/10/89 

03/16/89 

03/29/89 

DEPTH 

INCREMENTCft 1 
S M L E  

NWBER 

BOREHOLE 

NWBER 

8301889 

8301889 

BH15892228 

BH15892834 

22 00 - 28 30 

28 30 - 34 30 

SANDY SILTY CLAYSTONE 

SANDY SILTY CLAYSTONE 

8401969 

8401989 

BH16092127 

BH16092733 

20 50 - 26 50 

26 50 - 32 50 

CLAYSTONE 

CLAYSTONE 

8302089 

B302089 

8302089 

BH17891319 

BH178913190 

BH17891925 

13 50 - 19 50 

13 50 - 19 50 

19 50 - 25 50 

CLAYSTONE 

CLAYSTONE 

CLAYSTONE 

8402169 BH18890713 7 50 - 13 50 CLAYSTONE 

BH08890306FB 

BH05890222FB 

BH11890317FB 

BH12B90323FB 

BHO6890003FB 

BH17890328FB 

BHO2890915FB 

BH03893339FB 

BH04892127FB 

BH15890307FB 

FIELD BLANK 

FIELD BUNK 

FIELD BLANK 

FIELD BLANK 

FIELD BLANK 

FIELD BLANK 

FIELO BUNK 

FIELD BLANK 

FIELD BLANK 

FIELO BLANK 

FB 

FB 

FB 

FB 

FB 

FB 

FB 

FB 

FB 

FB 

8201289 BH12893032 29 90 - 32 00 SANDY SILTSTONE 

8201489 BH13890709 7 00 - 9 30 SILTY SANDSTONE 

8201589 BH14891720 17 00 - 20 00 CLAYEY SANDSTONE 

8402189 BH18891319 13 50 - 19 50 SANDSTONE 

*FB Field Blank 

Draft Background Goocharmeal Characterisation Report 
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TABLE 3-11 

BACKGROUND BOREHOLE SAMPLING PARAMETERS 

METALS 
CLP Inorganic Target Analyte List 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Other Metals 
Cesium 
Lithium 
Molybdenum 
Strontium 
Tin 

RADIONUCLIDES 

Gross Alpha 
Gross Beta 
Strontium 90 
Cesium 137 
Radium 226,228 
Uranium 233 + 234,235 and 238 
Americium 241 
Plutonium 239 + 240 
Tritium 

Draft Background Gaochemcd Charactensation Report 
Roeky Flats Plant, Golden, Colorado 
rockwell\bkgdchem\sa-3a jbb 

OTHER 

PH 
Nitrate 
Sulfide 
Cyanide 
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SECTION 4.0 

BACKGROUND CHEMICAL CHARACTERIZATION 

Background data for ground water, surface water, sediment, and boreholes were 

evaluated to establish background conditions in each media Chemical results and a discussion 

of general geochemical characteristics of each media sampled are summarized in the following 

sections This evaluation is based on data received as of December 15, 1989 and includes 

results obtained from one round of ground water, two rounds of surface water, and one round 

of borehole and sediment sampling Approximately 90% of the data has been received and are 

incorporated in this project Mming data are identified in Appendix A 

Data validation has not yet been completed Tolerance intervals will be recalculated 

upon receipt on complete validation packages and the currently outstanding data 

4 1  GROUND WATER 

A two system model of ground-water flow (Section 3 1) is substantiated by the 

analytical results from background ground-water samples (Figure 4-1) Plate 2 presents Stiff 

diagrams for the Round 1, 1989 samples of ground water and surface water at various 

sampling locations Relatively high sodium, chloride, and high sulfate distinguishes the 

unweathered sandstone ground water from other ground-water subgroups Stiff diagrams for 

the surficial ground-water flow system are similar in shape and general magnitude Closer 

inspection of the Stiff diagrams suggests that the ground water of the Rocky Flats Alluvium 

is less saline than any of the subgroups it recharges With the exception of the weathered 

sandstone this is confirmed in a comparison of the mean recorded total dissolved solids (TDS) 

for each subgroup as shown in Table 4-1 This phenomenon is likely a result of increases in 

clay content, the relatively greater evaporative losses in the colluvium and valley fill (less 

saturated thickness than the Rocky Flats Alluvium), and in the case of the weathered and 

unweathered bedrock, longer contact time with these materials (less permeable than the Rocky a 
Draft Background Oe0chenuc.l Chuactenr8tion Report 
Rocky FIatr Plant, Golden, Colorado 
roekwell\blgdchem\~c-1. jbb 
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FIGURE 4-1 

TRILINEAR DIAGRAM 

GROUND WATER - ROUND 1,1989 

HC--GRAM 

BydroCherical Graphic Representation Analysis Kethaas 

Versioa. HC-GRM 1.42 

PROJECT. Ground Water - Round 1 
plus - Rocky Flats Alluvial Ground Water 

diamond - Valley Fill Alluvial Ground Water 
circle - Colluvial Ground Water 

X - Weathered Bedrock Ground Water 
square - Unweathered Sandstone 

80 66 48 26 20 43 b d  130 
a E1 

504 

Du.ambu 15,1989 
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SUBGROUP 

TABLE 4-1 

COMPARISON OF TDS FOR GROUND-WATER SUBGROUPS 

MEAN 
IQsf€uu 

REFERENCED 
x M 3 . u  

Rocky Flats Alluvium 217 3-5 

Colluvium 405 3-8 

Valley Fill 416 3-1 I 

Weathered Bedrock 

Weathered Claystone 255 

Weathered Sandstone 195 

3-15 

3-18 

Unweathered Sandstone 1761 3-2 1 

Note See Referenced Table for details 

Draft Background Geochermcd Ch8ractenration Raport 
Rocky Flatr Plant, Golden, Colordo 
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Flats Alluvium) In addition, the claystone IS less chemically inert than the constituents in the 

Rocky Flats Alluvium 

4 1  1 Roc kv Flats Alluvium Ground Water 

Rocky Flats Alluvium ground water is relatively low in Total Dissolved Solids (TDS), 

major ions, and uranium Several trace metals (iron, molybdenum, nickel, potassium, 

strontium, zinc, and cyanide) were also detected Statistical summaries of chemical results are 

presented in Tables 4-3,4-4, and 4-5 As discussed in Section 3 1 1 ,  a well cluster was installed 

to evaluate geochemical stratification within alluvial ground water Chemical results for this 

well cluster are presented in Table 4-2 Total dissolved and total suspended solids are greater 

in the well completed at  the water table, (B405689) than in the well completed at  the base of 

the Rocky Flats Alluvium (B405789) Near the water table the ground water is relatively 

enriched in calcium carbonate and relatively depleted in sodium chloride Complete 

characterization of the chemical stratification of ground water in Rocky Flats Alluvium 

requires additional data both to characterize chemical stratification through time and to 

establish the reproducibility of these results 

4 1 2  c o  lluvial Ground Water 

Ten wells were installed to monitor ground water within colluvium, although eight of 

those wells were dry during Round 1 ,  1989 sampling Although tolerance intervals cannot be 

compiled with so few data, dry wells will provide valuable information about the extent of 

unsaturated materials 

Statistical summaries of chemical results are presented in Tables 4-6, 4-7, and 4-8 In 

the absence of additional data, statistical comparisons of background colluvial ground water 

to non-background ground water is not possible 

Draft Background Geochemcd Churetenmtion &port 
Rocky Flatr Plant, Golden, Colondo 
rockwell\bkgdchem\ae~-4a jbb 
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TABLE 4-2 

- CHEMICAL STRATIFICATION IN ROCKY FLATS ALLUVIUM GROUND WATER 

Screened Interval (ft) 

Analvte 

Calciun (Ca) 
Magnesium (no) 
Manganese cnn) 
Sodiun (Na) 

Total Suspended Solids (TSS) 
Total Oissolved Solids (TOW 
Chloride (Cl) 
Nitrate-Nitrite as N (N) 
Sulfate (SO ) 
H C O ~  as (cab3) 
PH 

Gross Alpha 
Gross Beta 
Uraniun 233, 234 
Uraniun 235 
Uraniun 238 
Strontiun 89, 90 
PlUtonllm 239, 240 
hnericim 241 
Cesiun 137 
Tritiun 

~400489 

9 87-54 45 

47 
5u 
268 
8 90 

18 
220 
1 1  
0 92 
22 
150 
7 9  

2t2 - It2 
0 6t0 2 
0 0t0 1 
0.3t0 1 
Q.lt0.4 
0.00t0 1 
0.00t0 1 
0.Qt0.5 
30t210 

8405689 

3 0-22 51 

6 4 5  
5.32 
139 
5u 

120 
250 
4 
0.66 
32 

7 9  
200 

3 d  
lt2 
l.3tO 3 
Q.0t0.1 
l.lt0 3 
O.lt0.4 
Q.0t0.1 * 

0.00t0.01 
0 .3tQ. 5 
190t210 

f1405789 

43.01-52 48 

30 9 
5u 

9 02 
0150U 

12 
180 
14 
1 2  
16 
100 
7 2  

1 t2 
222 
0 020 1 
Q.Or0 1 
0 OtQ 1 
-0.lt0 4 
0 00tO 01 
0.00t0 01 
0.3t0 6 
8Qt 150 

Note AMlytes not listed in  this table were not detected or not reported for all three uells 
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TABLE 4-6 

BACKGROUND DISSOLVED METAL RESULTS 

COLLWIW GROUND WATER (Row(D 1 1989) 

(CONCENTRATIWS REPORTED I N q / 1 )  

Calclun Magnesium Manganese Lithium sodivll 

NWBER OF SAMPLES 

NWBER OF DETECTS 

PERCENT DETECTS 

MAXIMUM DETECTED VALUE 

M I N I M  DETECTED VALUE 

*MEAN 

'STANDARD DEVIATION 

*COEFFICIENT OF VARIATION 

MINIMUM REPORTED DETECTION LIMIT 

MAXIMUM REPORTED DETECTION LIMIT 

APPROPRIATE STATISTICAL METHOD 

*TOLERANCE INTERVAL (UPPER LIMIT) 

MEAN + 3 STD DEVIATION 

ARAR VALUE 

2 

2 

100 

76 8 

65 6 

71 2 

5 6  

0786 

--- 
--- 
NONE 
--- 
8 8 0  

NS 

2 

2 

100 

15 3 

10 6 

12 95 

2 35 

1815 

--_ 
--_ 
"E 

--- 
20 0 

NS 

2 

1 

50 

088 

088 

03 

0668 

2 227*** 

015 

015 

TP _ _ _  
230 

0 05 

2 

1 

50 

172 

172 

04 

15 

3 75 

01 

01 

TP _ _ _  
49 

2 5  

2 

2 

100 

98 7 

28 I 

63 4 

35 3 

5568 

-__ 
--- 
"E --- 
169 

NS 

Notes Dissolved Metals not detected in Colluvium A1.Sb.As.h Be Cd.Cs.Cr.Co.Cu,Fe.Pb.Hg,~ N1 Se.Sr K.Ag.Tl,Sn.V,Zn 

.Tolerance Intervals. Coefficient of  Variation, Wan. and Standard Deviation not calculated when X detects c 50 

*Tolerance Intervals not calculated when number of  samples 1s less than 7 

*'*Lognormal Tolerance Interval may be appropriate 

Key to Statistical Wthods TIN - Tolerance Interval based on N o m 1  Distribution 

TP 

TIP - Tolerance Interval based on Poisson Olstributlon 
ANOVA - Anelysls of Varlance 

- Test of  Proportions Note that this test requires the total (background h nonbackground) detects >- 5 

NS - No Standard 

Draft Background G.odrermcd Churstuu8tion Report 
Roeky Phtr Plmt, Goldm, Colordo 
rockwell\bkgdch~m\~.e-l. jbb 

Daeember lS, 1989 
P8ga 4-9 



TABLE 4-7 

OTHER BACKGRUIHD INORWIC RESULTS 

COLLUVIW GROUND WATER (ROUND 1 1989) 

(CONCENTRATIONS REPORTED IN m / l )  

CHLORIDE 

NITRATE 

A S H  

NUHBER OF SPMPLES 

NWBER OF DETECTS 

PERCENT DETECTS 

MAXIMUM DETECTED VALUE 

M I N I M  DETECTED VALUE 

WEAN 

*STANDARD DEVIATION 

*COEFFICIENT OF VARIATION 

MINIHUH REPORTED DETECTION LIMIT 

M A X I M  REPORTED DETECTION LIMIT 

APPROPRIATE STATISTICAL METHW 

*TOLERANCE INTERVAL (UPPER LIMIT) 

**TOLERANCE INTERVAL (LWER LIMIT) 

MEAN + 3 STD DEVIATION 

MEAN - 3 STD DEVIATION 

2 

1 

50 

16 

18 

0 07 

0 12 

I 79.9 

os 
05 

TP _ _ _  _ _ _  
43 

-__ 

2 

2 

100 

7 4  

7 1  

7 25 

0 15 

0207 

-__ 
--- 
NONE _ _ _  
--- 
7 7  

6 8  

SULFATE 

2 

2 

100 

86 

45 

65 5 

20 5 

3129 _ _ _  
--- 
"E _ _ _  _ _ _  
127 

--- 

BICARBWATE TDS 

2 2 

2 2 

100 100 

470 520 

230 290 

350 405 

120 115 

3429 2839 

--_ _ _ _  
-__ --_ 
"E NONE 

--- --- 

Notes Ions not detected In Colluvium Carbonate. Cyanide 

*Tolerance Intervals, Coefficient o f  Variation Mean. and Standard Dovietion not calculated when X detects 50 

*Toleranee Intervals not calculated when number o f  samples 1s less then 7 

**Lower Tolerance Intervals reported f o r  two-sided parantoterr 

**gLognoml Tolerance Interval may be appropriate 

Key to Stetlstlcal Mothods TIN - Tolerance Interval based on Normal Distribution 
TP - Test of Proportions Note that this test requires the total (background h nonbackground) detects - 5 

TIP - Tolerance Interval based on Poisson Distribution 
ANOVA - Anelysls of Variance 

Dlaft Background G.0ch.rmc.l Chuutens8t1on R.eport 
Rocky Flsk Plant, Golden, Colorado 
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A comparison of the summary tables for colluvial ground water to that of Rocky Flats 

Alluvium ground water indicates that ground water in colluvium is relatively high in all the 

major ions as well as uranium, and relatively low in nitrate In addition, iron, molybdenum, 

nickel, potassium, strontium, zinc, and cyanide were detected in alluvial ground water and 

were not detected in colluvial water, while lithium was only detected in colluvial ground 

water The absence of detected analytes with colluvial ground water may be in part an 

artifact of the small sample size 

4 1 3 Vallev Fill Ground Water 

Statistical summaries of chemical results are presented in Tables 4-9, 4-10, and 4-1 1 

Nineteen tolerance intervals based on a normal distribution are presented Of these, four 

analytes, all radionuclides, have a coefficient of variation in excess of one or less than zero 

which suggests recalculation as lognormal tolerance intervals may be appropriate 

Valley fill ground water is chemically similar to the colluvium Both ground waters 

have similar concentrations of major ions, uranium, and nitrate which differentiate these 

waters from the Rocky Flats Alluvium ground water The uranium concentrations are some- 

what less than the colluvial ground water but are higher than the Rocky Flats Alluvium 

ground water However, like the ground water of the Rocky Flats Alluvium, several trace 

metals were detected that were not detected in the colluvium (iron, molybdenum, nickel, 

strontium, and zinc) Also detected in the valley fill ground water was selenium, mercury, and 

lithium Lithium was the one trace metal, aside from manganese, also detected in the 

colluvium 

As detailed in Section 3 1 3  both the Rock Creek drainage and the Woman Creek 

drainage have been sampled to ensure evaluation of spatial variability Table 4-12 presents 

concentration ranges of analytes for each drainage system Woman Creek valley fill ground 

water is higher in concentration for most of the analytes listed relative to the Rock Creek 

Draft Background Geochemcd Chu8cterismtion Report 
Racky Flab Plant, Golden, Colordo 
~ ~ ~ l r ~ ~ l l \ b k g d d c h ~ ~ ~ ~ \ ~ c - l .  Jbb 

December 16, 1989 
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TABLE 4-12 

Parameter 

RANGES OF CHEMICAL RESULTS FOR VALLEY FILL ALLUVIAL 
GROUND WATER BY DRAINAGE SYSTEM 

Calciun 
Iron 
Cithiun 
Magnes i un 
Manganese 
Seleniun 
Sod1 un 
zinc 
Total Dissolved Solids 
Chloride 
Nitrate 
Sulfate 
8 i carbonatt 
pH (pH units) 
Gross Alpha 
Gross Beta 
Uraniun 233, 234 
Uraniun 235 
Uraniun 238 
Strontiun 89, 90 
PlUtonlun 239, 240 
hnericiun 241 
Cesiun 137 
Tritiun 
Radiun 226 

Rock Creek Drainage* 
-1 

18 9 * 41 90 
0 9 4 4  
0 0116 - 0.0154 
8 50 - 8 41 
0.W9 - 0.206 
ND 
19 30 - 34.m 
ND 
200 - 800 
6 - 8 4  
0 69 
13 - 53 
110 - 230 
6 8 - 7 4  
2t2 - 4t4 
2t2 - 6t3 
0.4tQ 2 - 1.4t0.3 
0.0rO 1 - 0.1t0.1 
0.10.2 - 1.2t0.3 
-0.3t0 5 - 0 5t0 5 
0 OOtQ 01 - 0 O1tO.O1 
-0.01t0.01 - O.DOt0 01 
-0 3t0.6 - 0.3t0 6 
5Qt150 - 190t150 
NR 

Range of values for nells 8102289, B10u89, 8202489, and 8202589 

** Range of valuer for well8 8402689, 8302789, B302889, end W2989. 
Uell 8303089 was dry &rim R a d  1. 

Not detected in any scunplr from the suboroup ND 

NR Not reported; not analyzed 

WrnenCreek d Associated Drainage** 
Ransc o f concentrations tms/Ll 

68 10 - 103 
ND 
0.0126 - 0 0223 
11  80 - 18.10 
0.0546 - 0.686 
0 0114 
31 40 - 74 70 
0 0212 
360 - 470 
14 - 26 
0 05 - 0.08 
52 - 120 
280 - 610 
7 4 - 8 0  
3t6 - 1029 
5t3 - 14t4 
2 2t0 3 - 4 It0 6 
0.1t0.1 - O.lr0.1 
1.4t0.3 - 2.8tQ.5 
0 00t0.01 - 0.00t0 01 
-0.01t0 01 - 0 00tO 01 
-0.05t0.08 - 0 1t0.6 
Sot150 - 380t150 
-0 1t0.2 - 0 2tD 2 

_-O.ltO 5 - -0 3t0.5 

Draft Background Gl0chormc.l Ch.nckru.tion Report 
Rocky Flab Plant, Golden, Colordo 
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valley fill ground water Therefore, the concentrations presented in the table indicate that 

two populations may be present 

4 1 4  Weathe red Bed rock Grou nd Water 

Weathered bedrock ground water is a mixture derived from claystone and sandstone 

Statistical summaries of chemical results of weathered claystone ground water are presented 

in Tables 4-13,4-14, and 4-15 Summaries of weathered sandstone ground water are found in 

Tables 4-16, 4-17, and 4-18 Comparison of Tables 4-13 through 4-15 to Tables 4-16 through 

4-18, albeit recognizing the small sample size upon which these tables are based suggest the 

possibility that weathered claystone ground water and weathered sandstone ground water may 

be considered a single population Unlike the valley fill and colluvial ground water which 

appear chemically similar to each other and different from the Rocky Flats Alluvial ground 

water, weathered claystone and weathered sandstone ground water appear to be chemically 

similar to each other and show characteristics of both the Rocky Flats Alluvium and 

colluvium/valley fill ground waters Major cation concentrations are similar to the 

colluvium/valley fill ground waters, while major anion concentrations and TDS resemble the 

Rocky Flats Alluvial ground water Many of the trace metals detected in either the Rocky 

Flats Alluvium, colluvium, and valley fill ground water, were detected in the weathered 

bedrock ground water In addition, chromium and thallium were just above detection limits 

in the weathered bedrock ground water A notable difference between the weathered 

sandstone and weathered claystone ground water is the uranium concentrations Weathered 

claystone ground water has higher uranium concentrations (similar to the colluvial and valley 

fill ground waters) than the weathered sandstone ground water (similar to the Rocky Flats 

Alluvium ground water) 

4 1 5  Un weathered Sa ndstonc Ground Watef 

Statistical summaries of the chemical results of unweathered sandstone ground water 

are presented in Tables 4-19, 4-20 and 4-21 Nine tolerance intervals based upon the normal 

Draft Background Gaochemcal Charutensation &port 
Rocky Flab Plant, Golden, Colorado 
rockrell\blgdch~m\mec.c-l. jbb 

December 16, 1989 
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NUMBER OF SAMPLES 

NUMBER OF DETECTS 

PERCENT DETECTS 

M A X I M  DETECTED VALUE 

MINIMUM DETECTED VALUE 

WEAN 

'STANDARD DEVIATION 

"COEFFICIENT OF VARIATION 

MINIMlM REPORTED DETECTION LIMIT 

M A X I M  REPORTED DETECTION LIMIT 

APPROPRIATE STATISTICAL METHOD 

*TOLERANCE INTERVAL(UPPER LIMIT) 

**TOLERANCE INTERVAL(LWER LIMIT) 

MEAN + 3 STD DEVIATION 

MEAN - 3 STD DEVIATION 

TABLE 4-14 

OTHER BACKGROUND INORWNIC RESULTS 

YEATHERED CUYSTDNE 6RouT, WATEI (ROW0 I 1989) 

(CWENlR4TIWS IN W/1) 

CHLORIDE NITRATE PH SULFATE BICARBOWATE TDS 

AS N 

4 

2 

50 

11 

6 

3 54 

5 79 

1 6*** 

3 

3 

TP 

4 

4 

100 

58 

I 

325 

I 9  

5846 

--_ 
--- 
ANOVA 

4 

4 

100 

8 2  

7 4  

7 675 

31 

0404 _ _ _  _ _ _  
ANOVA --- 
5 69 

8 605 

6 745 

4 

4 

100 

320 

210 

255 

43 87 

1720 

--- 
--- 
ANOVA 

--- 
--- 
387 

--- 

CY AN I DE 

--- 

Notes Ions not datected in Colluvium Carbonate 

'Tolerance Intervals Coefficient of Variation Maen and Standard Deviation not calculeted whan X detects < 50 

'Tolerance Intervals not calculatad whan number of samplas i s  less than 7 

'*Lower Tolerance Intervals reported for two-sidad paramaterr 

***Lognormal Tolerance Interval may be appropriate 

Key to Statistical Mathods TIN - Tolerance Interval bared on N o m 1  Dlstributlon 

TP 

TIP - Tolerance Interval based on Poisson Dlstributlon 

AMOVA - Analysls of Variance 
- last of Proportions Note that this test requirer tha total (background 6 nonbackground) detects >- 

Dmft Background Grochermcd Chamctorisation Itaport 
R.o&y Flab P l a t ,  Goldon, Colordo 
nxkreIl \bkgdchem\~-I .  Jbb 

Dcembu 16,1089 
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distribution are calculated in these tables Of these, two analytes had a coefficient of 

variation greater than one or less than zero suggesting recalculation of lognormal tolerance 

interval may be appropriate 

The ground water sampled within unweathered sandstones is distinct from the ground 

waters associated with the surficial flow system Unweathered sandstone ground water is 

much higher in sodium, sulfate, chloride, and TDS than any of the previously discussed water 

It is also lower in nitrate than the bedrock waters Arsenic and aluminum are trace metals 

detected in the unweathered sandstone ground water that were not detected elsewhere The 

uranium concentrations are most similar to the weathered claystone, colluvial, and valley fill 

ground water 

4 2  SURFACE WATER 

As presented in Section 3 2, surface water sampling sites were selected within the Rock 

Creek, Walnut Creek and Woman Creek drainages Stiff diagrams for Round 1, 1989 surface 

water samples a t  various locations are presented in Plate 2 

a 

Surface water gradually changes from the west (upgradient) to the east (downgradient) 

(Plate 2) The Stiff diagrams indicate that surface water becomes relatively less concentrated 

in sodium chloride and more concentrated in calcium bicarbonate as it flows from west to 

east Downgradient Stiff diagrams of surface water resemble those Stiff diagrams of adjacent 

ground water The change in the shape of the surface water Stiff diagrams across the Rocky 

Flats Plant reflects changing surface water/ground water interactions Surface water stations 

at  the western edge of the Plant are not in an incised drainage thus the surface water sampled 

is likely recharging the ground-water flow system Surface water stations further east are 

located within an incised drainage and the geochemistry of the surface waters reflects the 

ground-water recharge of the surface water flow system 
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Rocky Fhtr Plant, Golden, Colorado 
rockwell\bkgdehem\mc.c-l. jbb 

December 15, 1989 
P.O. 4-27 



4 2 1  Pound 1 Surface Water SamD leg 

Statistical summaries of chemical results are presented in Tables 4-22 through 4-26 

Thirty eight tolerance intervals based on a normal distribution are presented For eleven of 

these analytes a lognormal tolerance interval may be appropriate because the coefficient of 

variation was greater than one or less than zero 

Comparisons of the dissolved and total metals results (Table 4-22 and 4-23), and the 

dissolved and total radiochemical results (Table 4-25 and 4-26) indicate that most of the 

chemical load is transported in suspension 

A review of the data (Appendix A) upon which these summaries are based indicates 

that water chemistry at  location SW080 appears distinct from other surface water sampling 

locations Surface water from SW080 contributed the only detection of the following total 

metals barium, beryllium, cadmium, cesium, chromium, cobalt, copper, magnesium, 

molybdenum, nickel, potassium, tin, and vanadium and the highest values of the following 

total metals aluminum, arsenic, calcium, iron, lead, silver, strontium, and zinc Surface 

water from SW080 contributed the highest values for gross alpha and beta The reason for 

these anomalies could be attributed to the elevated concentration of total suspended solids 

Analytical results from this station for the dissolved analytes appear to be consistent with 

result from other surface water stations 

4 2 2 Pound 2 Surface Water S w  

Statistical summaries of chemical results are presented in Tables 4-27 through 4-30 

Surface water from Round 2 sampling was not analyzed for dissolved radiochemical results 

The suite of surface water stations sampled in Round 2 was reduced to seven because two 

stations, SW004 and SW080, previously sampled in Round 1 were dry 
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Differences in the analytical results from Round 1 and Round 2 sampling document 

the temporal variation in surface water chemistry These differences include variability in 

the suite of detects as well as the magnitude of concentrations Much of the differences in 

total metals concentrations and total radiochemical concentrations are attributable in part, to 

the absence of data for surface water station SW080 in Round 2, however, other differences 

reflect natural changes in environmental conditions (e g dissolved strontium detected in 8 

samples in Round 1 was not detected in Round 2, dissolved molybdenum undetected in Round 

1 was detected in 6 samples in Round 2) 

I 

4 3  STRE AM SE DIMENTS 

Background sediment sampling locations were paired with the surface water stations 

discussed above Sediment sampling locations are within the drainage of Rock Creek, Walnut 

Creek, and Woman Creek 

Statistical summaries of chemical results are presented in Tables 4-31 and 4-32 Twenty 

tolerance intervals based on a normal distribution are presented For three of these analytes 

a lognormal tolerance interval may be appropriate because the coefficient of variation is 

greater than one or less than zero 

Relative to the Rocky Flats Alluvium, colluvium, and weathered sandstone and 

claystone, the sediments have less detected trace metals and lower concentrations of aluminum, 

iron, and calcium Trace metals not detected in the sediments but detected in the other 

materials include beryllium, lithium, cobalt, molybdenum, cesium, mercury, antimony, and 

cadmium Potassium was also not detected in  the sediments but was detected elsewhere The 

absence of detected potassium, together with the lower concentrations of aluminum and iron, 

suggest the clay fraction is less in the sediments relative to the other materials This is further 

supported by the physical description of this material, i e ,  the sediments tend to be more 

coarse A smaller clay fraction may also explain the fewer detections of trace metals owing 

to the high adsorptive capacity of the clay fraction 
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4 4  BOREHOLE MATERIALS 

Borehole materials were collected within the Rocky Flats Alluvium, colluvium, 

weathered claystone and weathered sandstone 

4 4 1  Rockv Flats Allu V l U l g  

Rocky Flats Alluvium is a poorly sorted, unconsolidated deposit of gravels (granule to 

cobbles and boulders) with clay, silt and sand matrices. Gravel is primarily quartzite and 

granite fragments and may be weathered, sand is primarily composed of quartz grains Caliche 

is locally present The surficial sample from Rocky Flats Alluvium may contain 0 to 3 feet 

of topsoil which varies from sandy gravel to silty clay 

Statistical summaries of chemical results are presented in Tables 4-33, 4-34 and 4-35 

Eighteen tolerance intervals based on a normal distribution are presented For four of these 

analytes a lognormal tolerance interval may be appropriate because the coefficient of 

variation is in excess of one Sixteen of these analytes have at  least one detection in excess 

of the calculated tolerance interval At least in part this is a reflection of the large number 

of samples (70 samples) which increases the probability of sampling outside of the 95% 

tolerance interval 

A review of the data did not reveal any specific sampling location associated with 

analyte concentrations in excess of the tolerance limit The review did suggest that certain 

analytes such as aluminum and lead tended to be in higher concentrations near surface, and 

that elevated concentrations of multiple analytes tended to cluster within the same sample 

4 4 2  Collu vium 

Colluvium is located on the sides and bases of hills and slopes A product of mass 

wasting and downslope creep, colluvium is a poorly sorted mixture of topsoil, weathered I. I 
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bedrock and reworked Rocky Flats Alluvium Colluvium is comprised o f  silty clay and clayey 

silt with some quartzite gravel It is weathered and sometimes sandy Caliche is present at 

some locations As much as two feet o f  topsoil may overlie the colluvium It consists of  silty 

clay often organic rich and with trace to some quartzite gravels 

Statistical summaries of  chemical results are presented in Tables 4-36, 4-37, and 4-38 

Twenty tolerance intervals based on a normal distribution are presented A lognormal 

tolerance interval for  beryllium may be appropriate because the coefficient of  variance is i n  

excess o f  one Fourteen of these analytes have at least one detection in excess of the tolerance 

interval 

The suite o f  detected analytes within colluvium are the same suite of  analytes detected 

i n  Rocky Flats Alluvium plus two additional analytes cesium and sodium The calculated 

mean concentration for most analytes is slightly greater within colluvium than within Rocky 

Flats Alluvium 

4 4 3 Yeathered C lavstom 

Weathered claystone is the most common lithology comprising weathered bedrock 

Weathered claystone is medium hard, consolidated, and locally fractured It is silty or sandy 

and often contains carbonaceous debris 

Statistical summaries of chemical results are presented in  Tables 4-39, 4-40 and 4-41 

Eighteen tolerance intervals based on a normal distribution are presented A lognormal 

tolerance interval for  arsenic and manganese may be appropriate because the coefficient of  

variation is in excess o f  one Six o f  the analytes have one detection in excess o f  the upper 

tolerance limit 
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NUMBER OF SAMPLES 

NUMBER DETECTS 
PERCENT DETECTS 

MAX VALUE 

MIN VALUE 

WEAN 
'STD DEVIATION 

COEFF /VARIATION 

MAX DE1 LIMIT 

MIN DE1 LIMIT 
APP STAT METHOD 

'-1 INTERVAL(L LIMIT) 

'1 INTERVAL (U LIMIT) 

MEAN + 3 STD DEV 
MEAN - 3 STD DEVIATI 

TABLE 4-40 

OTHER BACKGRWND INORGANIC RESULTS 

uE&TnEaEo CLAYSTONE 

(CONCENTRATIONS REPORTED IN q/kg) 

SULFIDE NITRATE PH 

- 

17 

17 

100 

9 7  

7 6  

e 588 
0 54 

0 0629 

--- 
--- 
TIN 

7 04 

10 14 

10 toe 
6 9 6 8  

Notea 

*Toleranee Intervala Coefficient of Variation Moan, end Standard hviatlon not calculated when X detecta < 50 

'Toloranco Intervala not calculated when number of ramplea la lea. than 7 

**Lower Tolarance Intervala reported for two-sided peramters 

*'*Lognomu1 Toleranca Interval m y  be appropriate 

Key to Statlatical Ckthoda TIN - Tolerance Interval based on N o m 1  Diatributlon 

TP - Teat of Proportlona Note that thia teat requirea the total (background & nonbackground) detecta >- 5 

TIP - Tolerance Interval baaed on Polaron Dlatrlbution 
ANOVA - Analyaia of Variance 
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The suite o f  detected analytes is comparable to that detected in the Rocky Flats 

Alluvium except that cadmium is detected only in Rocky Flats Alluvium and antimony is only 

detected in  weathered claystone 

4 4 4 Weathered Sandstong 

Weathered sandstone is very fine to medium grained, and oxidized It is carbonaceous 

and silty or interbedded with clayey lenses It  ranges from unconsolidated to consolidated 

Statistical summaries of  chemical results are presented in  Tables 4-42, 4-43 and 4-44 

Only four samples are available for weathered sandstone and consequently no tolerance 

intervals can be generated 

The suite of analytes detected i n  weathered sandstone is the same as that suite detected 

in  weathered claystone with the exception of potassium and antimony which were not detected 

within weathered sandstone Within weathered claystone, potassium is detected 4 out of 17 

samples for a 24% detection rate and antimony is detected i n  2 out of  17 samples for a 12% 

detection rate This probably results from a common chemical composition of the clay sized 

materials present in both lithologies 

The maximum value o f  each analyte detected within weathered sandstone falls both 

below the upper range and, where applicable, the upper tolerance interval of the respective 

analyte i n  weathered claystone This implies that the chemical results of weathered sandstone 

fall within the expected distribution o f  chemical results of weathered claystone 

D n R  Background G d e r n ~ c a l  Charactenration Raport 
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SULFIDE 

NUMBER OF SMPLES 

NUMBER DETECTS 

PERCENT DETECTS 
MAX VALUE 

MIN VALUE 

WEAN 

*STD DEVIATION 

COEFF /VARIATION 

MAX DET LIMIT 

HIN DET LIMIT 

APP STAT METHOD 

* * T  INTERVAL(L LIMIT) 

*T INTERVAL (U LIMIT) 

MEAN + 3 STD DEV 

MEAN - 3 STD DEVIATI 

4 

1 

25 

2 

2 

--- 

Notes 

*Tolerance Intervals. Coefficient o 

TABLE 4-13 

OTHER BACKGROUND INDRWIC RESULTS 
WEATHERED SANDSTONE 

(CONCENTRATIONS REPORTED IN ns/kg) 

NITRATE 

4 

3 

75 

1 9  

1 2  

1 31 

0 39 

0 2977 

I 1  

1 1  

ANOVA 

-_- 
--_ 
2 4 8  

4 

4 

100 

9 2  

8 0  

8 675 

0 4 4  

0 0507 

--- 
--- 
ANOVA 

--- 
--- 
9 995 

7 355 

Variation. W a n  and Standard D.viation not calcr I ad when X detects < 50 

*Tolerance Intervals not calculated when number of samples is less than 7 

**Louw Tolerance Intervals report4 for two-sided parlmters 

*'*Lognoma1 Tolerance Interval may be appropriete 

Key to Statistical Methods TIN - Tolerance Interval bared on N o m 1  Distribution 
TP - Test o f  Proportions Note that this test requires the total (background & nonbackground) detects 5 

TIP - Tolerance Interval based on Poisson Distribution 
ANOVA - Analysis of Variance 

D n i t  Background Gl0ch.mic.l Chuactaim&ion bport 
Rocky F1.t. Plant, Goldom, Colordo 
rockwall\ bkgdch.m\uc-48.jbb 

D.eambar 15,1989 
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APPENDIX A 

This Appendix contains summary tables for the samples collected during the 

Background Geochemical Characterization Field Program and the analytical results for each 

sample The sample dates listed on the summary tables reflect the initial collection date, 

however, in many cases, several days were required to collect the entire sample suite The 

inital date was used to correspond to the date that the field water quality measurements were 

obtained 

Section 

The organizational scheme for this Appendix is presented below 

A-2 

A-3 

A-4 

DescriDtion 

Sediment Analytical Data 
Background Sediment Sampling Information 
Total Metals 
Inorganics 
Total Radiochemistry 

Background Surface Water Sample Information - Round 1 
Total Metals 
Dissolved Metals 
Inorganics 
Total Radiochemistry 
Dissolved Radiochemistry 

Surface Water Analytical Data - Round 2 
Background Surface Water Sample Information - Round 2 
Total Metals 
Dissolved Metals 
Inorganics 
Total Radiochemistry 

Surface Water Analytical Data - Round 1 

Ground Water Analytical Data 
Background Ground Water Sample Information 

QA/QC Samples 
Dissolved Metals 
Dissolved Radiochemistry 

Rocky Flats Alluvial Ground Water 
Dissolved Metals 
Inorganics 
Dissolved Radiochemistry 

DrsR Background Gaoehermcd Charactensation &port 
M y  Flats Plant, Golden, Colorado 
rockwell\bkgdchem\appand jbb 
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A-5 

Colluvial Ground Water 
Dissolved Metals 
Inorganics 
Dissolved Radiochemistry 

Valley Fill Alluvial Ground Water 
Dissolved Metals 
Inorganics 
Dissolved Radiochemistry 

Dissolved Metals 
Inorganics 
Dissolved Radiochemistry 

Weathered Claystone Ground Water 

Weathered Sandstone Ground Water 
Dissolved Metals 
Inorganics 
Dissolved Radiochemistry 

Unweathered Sandstone Ground Water 
Dissolved Metals 
Inorganics 
Dissolved Radiochemistry 

Borehole Sample Analytical Data 
Background Borehole Sample Information 

QA/QC Samples 
Total Metals 
Total Radiochemistry 

Rocky Flats Alluvium 
Total Metals 
Inorganics 
Total Radiochemistry 

Colluvium 
Total Metals 
Inorganics 
Total Radiochemistry 

Bedrock 
Total Metals 
Inorganics 
Total Radiochemistry 

Parameters with an "NR" in place of a value represent data that had not been received 

as of December 15, 1989 
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U,S, DEPARTMENT O F  ENERGY 

ROCKWELL INTERNATIONAL 
Rocky Flats Plant 
Golden Colorado 

Plate 2 

STIFF DIAGR AHS FOR BACKGROUND, GROUND-WATER AND 
SURFACE WATER SAMPLES, RWND l, 1969 


